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Abstract 
Analysis of the static and seismic stability of natural and manmade slopes and embankments is a challenging 
geotechnical problem. Often, different professionals analyzing the same problem will estimate a wide variation in 
expected performance. The objective of this paper is to study the effect of earthquake shaking on slope stability using 
Geo Studio software 2007 and Plaxis 2D Program. The critical slip surface and factor of safety is obtained by using 
finite element, limit equilibrium, Morgenston – Price, and strength reduction and other method available in the used 
software. The applicability of the analysis is demonstrated by analysis various slope and embankments subjected to 
0.5 g dynamic load due to earthquake shaking.  For simple homogenous soil slopes, it was found that the results from 
these methods are generally in good agreement. This study also investigated the effect of embankment height and its 
slopes (geometry) on stability and liquefaction due to the earthquake. Increasing embankment height and flattering it 
can enhance stability and reduced liquefaction zone. Liquefaction phenomenon which has produced to severe damage 
all over the world was studied under earthquake record of 0.5g. Four examples are providing to evaluation 
liquefaction effect and determination factor of safety as well as potential for liquefaction of soils. Variability of soil 
layers parameters affecting factor of safety and liquefaction have been studied for slopes. 
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1. INTRODUCTION
Despite the progress are made in understanding the behavior of embankment erected on soft clay ground 
in recent years, the optimal design of such embankment stay difficult and complex (Hird et al.1995) . 
The failure of earth structures such as natural slopes or earth embankments and dams has resulted in 
heavy loss of life and property in communities' world wide, where the understanding of the mechanism of 
slope failure and its analysis have generally been in –sufficient to prevent accidents which occurred. At 
present, this problem stay incompletely resolved (Espinoza, Bourdeau and Muhunthan B1994). Slope 
stability analyses have received a great deal of studies by various researchers and a wide variety of 
analytical procedures have been developed over the years.  
They include limited equilibrium methods and finite element methods. There are numbers of important 
advantages by using the F.E.M. in analysis of slope stability over the conventional limit equilibrium 
methods in analyzing the stability of slopes. The main advantages include the following (Zou et al 1995). 
1- Stability to model strain hardening or softening and progressive failure. In limit equilibrium 
analysis it assumed that the soil is isotropic and perfectly plastic while this may reliably predict the 
initial failure, the total extent of failure can be over or under estimated. 
2- An ability to model the stresses and strains developed within slope under given conditions. Field 
inspection can then be orientated towards looking for areas of local yielding or tension cracks 
predicted by the analysis. 
3- An ability to model the staged construction of slopes, which is a time and strain dependent 
consolidation problem. 
Limit equilibrium is more feasible in introducing the problem data, and is much easier to be carried out 
using personal computer. 
2. FINITE ELEMENT NALYSIS  
The finite element method is one of well known numerical methods in engineering practice. The basic 
idea of this method is replacing the continuum having an unlimited or infinite number of unknowns by a 
mathematical model which has a limited or finite number of unknowns at certain chosen discrete points 
called the "nodes" (Newmark1965). Many problems in soil mechanics are concerned with stress and 
deformations in the soil due to boundary and body, forces; therefore the F.E.M. is used for the evaluating 
of displacement, forces and strain or stress field starting from initial boundary force or displacement field. 
The F.E.M. of analysis can provide a very good prediction of the behavior of soil structure interaction 
problems if the different construction stages and the material behavior are simulated correctly and 
accurately in the analysis (Janbu1957). The benefits of F.E.M. include its comprehensive ability to model 
deformations as well as to predict collapse (Pockoski and Duncan JM 2000). Geotechnical engineers have 
recognized that the F.E.M. is a good tool by which many of their complicated problems can be solved, 
according to (Newmark 1965).  The main concepts in the F.E.M. are: 
1- Discretization of the region being analyzed into finite elements. These discrete elements are 
assumed to be interconnected only at the joints which are called nodes. 
2- The use of interpolating polynomials to describe the variation of a field variable within an 
element.   
Then the following conditions are to being satisfied at each node: 
1- The equations of equilibrium. 
2- The compatibility of displacements. 
3- The material constitutive relationships. 
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2. 1. Verification of Using F.E.A. Method in Prediction of Embankment Stability. 
Over the last decade, many numerical optimization routines to search for the min. F.S. have been 
developed, with comparison to limit equilibrium methods of analysis. The applications of stress-strain 
relationships to the analysis of slope stability have been successful in many studies. However, the use 
factors of safety against local failures in the evaluation of slope stability have not received wide attention 
yet. (Scott and Yamasaki1993), presented an approach to predict the critical slip surface of a slope 
stability using the minimum F.S. against local failure. The confirmed the validity of this proposed method 
using a two well established methods of slope stability analysis ( Sarmaޖs 1974 and Bishopޖs 1952). The 
researchers also compared the location of a slip surface of a slope obtained using the F.E.M. with the slip 
surface obtained using slopes stability analysis methods. The results of their study show that the F.S. 
obtained by the proposed method is in good agreement with that determined by Bishopޖs and Sarmaޖs 
methods. 
3. THE BASIC PROBLEM 
In order to investigate the factor of safety due to earthquake using Geo-Studio 2007 which is using 
different search techniques, three examples were used for investigating liquefaction and one example 
compare with other program Plaxis 2D. The investigated geometries and soil profiles ranged from simple 
to complex. For Geo-Studio 2007 software, analysis demonstration by conjunction Quake/w analysis with 
Slope/w to estimate F.S that occurs as a result of the inertial forces associated with an earthquake. This 
type of analysis is referred to as a Newmark analysis during an earthquake there will short moments in 
time when the inertial forces (mass times acceleration) plus the initial static forces will exceed the 
available shear resistance, and during these times the temporary loss of stability will lead to un-
recoverable deformation. The accumulation of the un-recoverable deformation will manifest itself as 
permanent deformation after the shaking has stopped. 
Quake/w is a finite element program for analyzing the effect of earthquakes on embankments and natural 
slopes. Its computers the static plus dynamic ground stresses at specified intervals during an earthquake. 
Slope/w can use these stresses to analyze the stability variations during the earthquake and estimate the 
resulting permanent deformation. 
3.1 Example no.1 
The homogenous soil slope with slope height equal to 6 m and slope angle equal to 45degree, Fig.1 is 
considered. Strength parameters c varies from 5, 10 and 20kPa while the friction angle ĳ varies from 5, 
25 and 45 the unit weight of soil layer was kept 20 kN/m3. Results from Geo-Studio 2007 and Plaxis 2D 
were shown in Table 1. 
Many researchers have compared the results between the SRM and LEM and found that generally the two 
methods will give similar FOS. From Table 1 is found that FOS determined by Plaxis and Geo Studio 
2007 are very similar under different combinations of soil parameters for most cases. When the friction 
angle is greater than zero, most of the FOS by Plaxis differ by less than 5.3%, with respect to Geo Studio 
2007 results except for case 3 (c=5,ĳ=45) where the difference is up to 10%, where the friction angle 
small, there are no relatively major differences between the two programs method. When angle of friction 
increase there are relatively major differences between the two programs.  
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Fig 1: Simple slope model 
Table 1: Factors of safety using Geo 2007programs and Plaxis 2D 
Case C(kPa) 
 
ĳ FOS(Geo studio 2007) 
using LEM method 
FOS (Plaxis 2D) 
using SRM 
method 
FOS differences with 
Geo2007(Plasix) % 
1 5 5 0.42 0.43 2 
2 5 25 1.029 1.03 0.09 
3 5 45 1.86 1.68 10 
4 10 5 0.7 0.71 1.4 
5 10 25 1.32 1.36 3 
6 10 45 2.165 2.05 5.3 
7 20 5 1.2 1.24 3.3 
8 20 25 1.89 1.95 3.2 
9 20 45 2.75 2.67 2.9 
3.2 Example no.2 
In order to investigate the influence slope geometry with different soil boundary on stability analysis, the 
three different models shown in Fig.2 are considered. In all these models, the strength parameters and 
calculated FOS are shown in Table.2 and Table.3. 
It was clear that vertical boundary have great effect on FOS for slopes resting on weak layer , while the 
cohesion have great effect on liquefaction as CRS ratio more than soil boundary it was clear when c=0 the 
ratio is the same for the three model when they subject to 0.5 g earthquake shaking as shown in Fig.3 
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(c) 
Fig 2: slope with geometry boundary: (a) slope with horizontal boundary; (b) slope with vertical boundary; (c) slope with an 
inclined boundary. 
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Fig 3: Evaluation of CSR eq due to earthquake shaking (0.5g). 
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Table 2: Soil properties for Fig.2  
Soil name Cohesion (kPa) ĳ Density (kN/m3) 
soil1 20 35 19 
soil 2 0 25 19 
Table 3: Factor of safety before and after earthquake shaking. 
Case no. FOS before shaking FOS after shaking(0.5 g) FOS differences %  
Case 1 1.09 1.038 4.7 
Case 2 1.92 1.52 21 
Case 3 1.01 0.99 2 
3.3 Example no.3 
The homogenous soil slope with different slope height and slope angle equal to 45 degree, Fig.4 is 
considered. Strength parameters c =42kPa while the friction angle ĳ =17, the unit weight of soil layer was 
25 kN/m3, results from Geo-Studio 2007 are shown in Table .4 and Fig.5.
H 1
45 m
H 2
 
Fig 4: Slope model geometry 
Table 4: FOS by Geo Studio 2007 from different slope height.  
Case no. H1 H2 FOS before shaking FOS after shaking FOS reduction %
Case 1 25 10 1.302 1.24 4.8 
Case 2 30 10 1.21 1.11 8.3 
Case 3 35 10 0.98 0.95 3.1 
 
B.H. Maula and L. Zhang / Procedia Engineering 14 (2011) 559–566 565
0.2
 0.4
0.4
0.6
0.6
0.8
1
Case 1
(a) 
  0.2  
0.4
0.4
0.6
0.6
0.8
0.8
1
  1.2  
Case 2
 
(b) 
0.1
0.15
0.2
0.25
0.25
0.3
0.3
 0.
35
0.35
 0.4
0.45
0.55
0.55
  0.65  
0.65
0.7
5
0.8
0.9
Case 3
 
(c) 
Fig 5: Evaluation of CSR eq due to earthquake shaking. 
3.4 Example no.4 
A special problem with a different slope shape has been constructed by the present authors as it appears in 
Fig .6. The slope angle for the lower part of slope is 45 degree while the slope angle for the upper part of 
slope is 26.7 degree. The cohesion and angle of the soil are 42 kPa and 17, respectively, and the density 
of the soil is 25 kN/m3. Results from Geo-Studio 2007 are shown in Table .5 
45 m
H2
H1
Fig 6: Slope geometry with different slope angle. 
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Table 5: FOS by Geo Studio 2007 from different slope height.  
Case no. H1 H2 FOS before shaking FOS after shaking FOS reduction %
Case 1 25 10 1.5 1.34 11 
Case 2 30 10 1.4 1.31 6.4 
Case 3 35 10 1.08 1.0 7.4 
5. CONCLUSIONS 
Based on Table 1, some conclusions can be made as follows: 
1- Most of the FOS obtained from Plaxis 2D program are slightly larger than those obtained from Geo 
Studio 2007 with only few exceptions. 
2- The FOS obtained from the two programs increases with increasing friction angle. These results are 
reasonable and are expected. The differences between the two programs results are, however, small. 
3- when the cohesive strength of the soil is small; the differences in FOS between the two programs 
results are greatest for higher friction angles. While the cohesion of the soil is larger, the differences 
in FOS are lowest for friction angles. This result is the same from that of Dawson et al. who 
concluded that the differences are greatest for higher friction angle when the results between strength 
reduction method SRM and limit analysis are compared. 
4- Soil boundary, it was clear that vertical boundary have great effect on FOS for slopes resting on weak 
layer , while the cohesion have great effect on liquefaction as CRS ratio more than soil boundary it 
was clear when c=0 
5- Height of homogenous slope has a great effect on FOS re-education percent, before and after shaking, 
it was observed that these percents reduced with increasing slope height and has the same role on 
liquefaction zone. This effect is noticed on slope have two height and inclinations angles; the slope 
height had major effect on FOS reduction percentage for non layered slopes 
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